Controlling the charges and spins of molecules lies at the heart of spintronics. We report the design of a photoswitchable molecule consisting of two independent spins separated by a photoswitchable moiety contained within a new ligand, H4L, that features a dithienylethene photochromic unit and two lateral coordinating moieties, yielding molecules with the [MM···MM] topology. Compounds [M4L2(py)6] (M = Cu, 1; Co, 2; Ni, 3; Zn, 4) have been prepared and described by single crystal X-ray diffraction (SCXRD). The structure allows different metals to be selectively distributed amongst the two chemically distinct sites of the ligand, enabling the preparation of many double-spin systems. 
Introduction
Synthetic coordination chemistry is a useful tool for the design and preparation of molecular systems capable of realizing functional components of nanodevices. [1] [2] [3] Molecular spintronics aims to control the charge and the spin of electrons at the nanoscale, with the help of external stimuli. [4] These concepts apply to many scientific challenges such as the physical implementation of quantum computing. [5] [6] This model of information processing depends upon the manipulation of coherent quantum states to encode information and a proposal has emerged recently for using the electronic spin carried by open-shell molecules to embody the quantum bits (qubits) and logic gates (qugates), opening fascinating challenges for synthetic chemistry. [7] [8] [9] [10] [11] Indeed, the two-level systems necessary for the implementation of qubits may consist of molecular entities with a true S = ½ isolated ground state, [12] [13] [14] or species exhibiting a magnetic doublet, [15] [16] [17] although exploiting two selected levels from a magnetic state with a multiplicity higher than two has also been studied. [18] [19] In this context, an important goal is the preparation of molecules to model double (spin based) qubit quantum gates. Indeed 2qubit qugates will be necessary to construct any complex algorithm. [6, 20] Some quantum gates can be implemented by switching ON and OFF the magnetic interaction between both qubits. [21] [22] It is conceivable that such control of the inter-qubit interaction within a molecular assembly could be triggered in an easy way using pulses of electromagnetic irradiation. Such a goal demands an effective synthetic design strategy in order to gather the required components in the appropriate disposition; these requirements are i) a pair of well-defined and weakly coupled spins and ii) a light-operated mechanism allowing reversible modification of the magnetic interaction between them. Here we propose to employ a diarylethene moiety as a photochromic switch (Scheme 1). Diarylethenes represent a convenient choice as they possess many advantages; [23] i) they are amenable to extensive chemical functionalization, ii) they undergo reversible photocyclization with light of a different wavelength for each direction, iii) both isomeric forms are in most cases thermally stable, iv) the photochromic process is highly fatigue resistant and fast. Furthermore, as a promising precedent, the photo-switching of the electronic coupling between metal centres separated by this photochromic unit has been demonstrated using electrochemical techniques. [24] [25] Some reports exist on the effect that the photoisomerization of dithienylethene units have on the magnetic properties of transition metal complexes. The latter are connected to the photoactive unit through donor atoms 2 incorporated into it, leading to mononuclear complexes, [26] coordination polymers of metals, [27] [28] [29] or cluster coordination polymers. [30] [31] [32] In the cases where slight modifications to the magnetic properties are observed upon photocyclization in the solid-state, these are due to changes in the crystal lattice in order to accommodate the structural rearrangement, and not to a switching of any through-bond magnetic interactions.
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Here we present the design and preparation of a new dithienylethene photo-switchable ligand (H4L, Scheme 2) separating a pair of 2-hydroxyphenyl-1,3-diketone units. The latter are designed to chelate and bridge two strongly coupled metal atoms, as a strategy to obtain molecular assemblies with [MM···MM] The reversible photo-switching properties of all the complexes have been probed spectroscopically in solution. Importantly, the quantum coherence of the most interesting architectures has been measured by pulsed EPR techniques. The effect of the photo-switching on the coupling between both spins of the molecule could be assessed through DFT calculations on complex 5, indicating that the photo-cyclisation causes the switching of this interaction. The versatility shown by this family of molecules for choosing the identity of the spins, together with their addressability confirm that coordination chemistry represents a promising avenue to access sophisticated multifunctional molecules.
Results and Discussion
Synthesis
The new photochromic bis-β-diketone derivative H4L was prepared through the functionalization of a bis-(thiophenyl)-cyclopentene as the active unit. The starting diarylethene comprises two peripheral carboxylate units (A, Scheme 2) and was synthesized according to an earlier reported procedure. [33] Subsequently, Steglich esterification [34] was carried out. As a result, 1,2-bis-(5-(2-acetylphenyl)-carboxylate-2-methylthiophen-3-yl)-cyclopentene (B) was obtained as a pure solid in excellent yield (over 90 %) after dry column chromatography. Double Baker-Venkataraman rearrangement [35] then furnished the final bis-β-diketone (Scheme 2). This reaction may be described as a (double) intramolecular Claisen condensation, carried out as a one-pot reaction in refluxing THF upon addition of a strong base ( t BuOK). Following this process, the aryloxy groups of both esters leave in the form of phenolates (Scheme 3). [36] [37] [38] The latter are protonated following an acidic work-up to yield the desired H4L product. Its purification is carried out by recrystallization from acetone (60 % yield). The purity of this compound was established by microanalysis and 1 H-NMR ( Fig   S1) , while its structure was determined by SCXRD (see below). To the best of our knowledge, a double Baker-Venkataraman transposition has not been reported previously. This synthetic procedure provides access to a molecular entity incorporating photoactive spacers separating two 2-hydroxyphenyl/1,3-diketonato moieties, each capable of binding two coupled 3d metals. [39] Thus, H4L has been designed for the preparation of molecules featuring two "independent" pairs of metal ions, as seen before, [40] (9) in pure form, the structures of which could be established in detail by crystallography (see below). The metal contents were established by ICP, while the arrangement of these ions was predicted theoretically (see below) and corroborated through various physical techniques.
Description of the Molecular Structures
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H4L. This organic molecule crystallizes in the monoclinic space group P21/n. Crystallographic data are collected in Table S1 . The asymmetric unit contains one molecule of H4L and one of acetone. The structure confirms (Fig. 1 ) the formulation of the desired product, showing that it is present in the enolic form at either side. This tautomer is favoured by intramolecular hydrogen bonds (Fig. S2 ) and π-electron delocalization within the resulting moiety. [41] This configuration is also present in solution as shown by 1 H-NMR (Fig. S1) . The π-system causes each 2-hydroxyphenyl-1,3-diketone group to lie approximately within one plane, shared by the neighbouring thiophenyl ring. Both idealized planes are kept at a mutual angle of 66.19°, through their connection to the central cyclopentene ring. This configuration also causes the methyl groups of the central photochromic spacer to exhibit the antiparallel conformation, keeping the C atoms that are to bind upon photocyclization (C13 and C21) 3.612 Å apart. This conformation and a C···C distance shorter than 4 Å are mandatory for observing the photoisomerization of the diarylethene unit in the solid state. [42] H4L forms four fused triangular hydrogen bonds ( Fig S2) via both of its 2-hydroxyphenyl-1,3-diketone units with the equivalent moieties from two other ligands, forming helical chains (Fig. S3) , with both chiralities present in the lattice. Each ligand also establishes π···π stacking interactions via the 2-hydroxyphenyl-1,3-diketone conjugated systems with the counterpart from three other molecules, one on one side and two on the other, leading to stacks of four such fragments in the lattice (Fig. S4 ). [M4L2(py)6] (M=Cu, 1; Co, 2; Ni, 3; Zn, 4). Complexes 1 to 4 are isostructural and crystallize in the orthorhombic space group Pbca. Crystallographic data are summarized in Table S1 . Metric parameters are collected on Tables 1 and S3 . The asymmetric unit is composed of one-half of the coordination cluster and 4.5 lattice molecules of pyridine (the fractional one lying in a special position). The unit cell incorporates eight such ensembles, thus four entire complex molecules. Since all the compounds are analogous, they will be described jointly. [43] whereas the internal metals have distorted octahedral coordination geometry. Such a combination of coordination geometries was previously observed on tetranuclear aggregates resulting from a related bis-β-diketonate. [40, 44] ). This renders it impossible for both metals to be six coordinate due to steric encumbrance. The slight difference in chelating geometry of both pockets could in fact explain the precise location of the five and six coordination sites. Such combination of adjacent five and six coordination numbers is almost unique in the literature. In addition to the above mentioned tetranuclear clusters, [40, 44] it has been encountered on a related assembly involving bis-1,3,5-triketonates; [45] in this other system the adjacent equatorial planes form an angle of 10.88°, large enough to avoid the coordination of one of the four possible axial ligands. It thus features two distinct sites even if both chelating pockets are equal (1,3-diketonates). With simpler ligands comprising only two chelating rings, this effect disappears. Free of constraints from the rest of the structure, adjacent sites are both equal and octahedral. [46] [47] [48] [49] In these cases, the equatorial planes are free to accommodate to the appropriate bond distances and lye parallel to each other, thus allowing the presence of the maximum number of axial ligands. The above mentioned steric factors, causing discrimination into two different coordination numbers, offer a valuable and subtle synthetic tool; it can be exploited for the rational design of site selective heterometallic complexes with predetermined topologies by taking advantage of the coordination number preference of different 3d metals (see below). The mean M-O bond distances in the 1/2/3/4 format are 1.945/2.012/1.977/2.035 (square pyramidal site) and 1.953/2.038/2.019/2.050 Å (octahedral site). Thus, in average, the octahedral sites have 0.4 to 2.1% longer equatorial bond distances than the five-coordinate sites, while the metals compared exhibit the following order of increasing bond distances; Cu<Ni<Co<Zn. The free rotation about the C-C bond at the center of L4-leads to the overall "S" shape conformation of the assembly (Fig. S8) . Within the aggregate, in all compounds the methylthiophenyl units of the photochromic moiety exhibit an antiparallel arrangement, with C···C separations of the photoactive carbon atoms of 3.604/3.562/3.583/3.581 Å. Therefore, in complexes 1, 2, 3 and 4, the structural requirements for the photocyclization are fulfilled. In all cases, the complexes are held together through weak intermolecular interactions, mainly involving C-H···S, C-H···O or C-H···π contacts. [M2M'2L2(py)6] (MM'=CuNi, 5; CoNi, 6; CuCo, 7; CuZn, 8; ZnNi, 9). Complexes 5 to 9 are isostructural with the homometallic analogues, therefore, much of the description has already been given above and is not repeated. (9), where the central positions are octahedral and the external ones are square pyramidal. The τ values of the five coordinate sites (τ = 0.06/0.23/0.08/0.09/0.14 for 5/6/7/8/9, thus for metals Cu/Co/Cu/Cu/Zn) correlate well with these found for each of the metals in the homometallic counterparts, therefore supporting the observation of site selectivity ( shows that the four metals examined may occupy both sites. From the observations, Cu(II) has a marked tendency to be within a square pyramidal environment (except for one part in homometallic 1, it is always seen in this position) whereas Ni(II) strongly prefers to be six-coordinate (always adopting this geometry, except when it is forced to be five-coordinate in 3). Metals Co(II) and Zn(II) are seen to adapt their position to the preferred geometry of Cu(II) or Ni(II). Therefore, with Ni(II) these metals become square pyramidal (6 and 9) while they occupy the octahedral site when accompanied by Cu(II) (7 and 8). Interestingly, no product could be isolated from the reaction involving the combination Co/Zn. Table 1 . Structural parameters of complexes 1 to 9, related to the metal distribution among both coordination sites. 
DFT Calculations
DFT calculations were performed to support and quantify the efficiency of the site selectivity of ligand H4L. The procedure was carried out for all the heterometallic systems described here. For this, the experimentally determined structure of the [M2M'2L2(py)6] unit was employed for each of the compounds (5, 6, 7, 8 and 9). The energy of the true metal distribution, [MM'···M'M] (A in Fig. 5) , was compared to that of the other
The significance of the calculations using this procedure rely on the fact that the crystalline phases isolated were homogeneous and, very importantly, that all phases show 1:1 experimentally determined metal composition. In all cases, the DFT calculated relative energies ( Table 2) were these of the high-spin configurations; this is not tremendously important since the smallest energy difference in Table 2 is one order of magnitude larger than the strongest magnetic coupling determined in these clusters (see below). The computed energies are in full agreement with the experimental results and are self-consistent; in all cases the energy cost of swapping two of the metal ions from their preferred locations (topologies B and C) is approximately one half the penalty of exchanging the positions of all metal ions (topology D) from the stable structure (topology A). These results imply that, all compounds exist virtually 100% in the Topology A configuration, and furthermore that Ni(II) and Cu(II) have the strongest preference for the six and five coordinate sites, respectively. Thus, Co(II) and Zn(II) are relegated to the remaining positions when they are in the presence of Cu(II) and Ni(II). We also observe that Co(II) shows a preference for being six coordinate, while Zn prefers to be five coordinate. 
Photo-switching Behaviour
The photo-switching behaviour of complexes 1 to 9 was investigated with UV-Vis spectroscopy on 5x10 -5 M solutions in 1:1 toluene:DMSO (Figs. 6 and S11 to S19).
The absorption spectra of all the complexes are very similar; they feature one or two high energy π to π* transitions below 300 nm and one intense band, in some cases split or exhibiting shoulders, near 400 nm. The latter is attributed to metal-toligand charge transfer (MLCT) transitions, since it is also observed for complex [Zn4L2(py)6] (4). These bands are sufficiently intense so that the expected bands from d-d transitions cannot be seen in the same scale, except in [Ni4L2(py)6] (3), which features a very broad metal-based transition centred at 630 nm (Fig. 6) . For all complexes, irradiation with UV light (λ < 425 nm) causes a reduction of the MLCT bands, in some cases accompanied by shifts and changes of shape and structure (Figs. 6 and S11 to S19). In addition, a very broad band grows gradually in the visible region while shifting slightly to higher energies. The maximum of this band at the photo-stationary state lies in the 620 to 651 nm range. This signal corresponds to the typical [50] π−π* transition within the polyenic system that forms upon photocyclization of the central diarylethene moieties of the complexes, which gives the strong coloration to the photo-generated compounds. In all cases, the various spectra cross at isosbestic points, indicating that the transformations are of zero order and only the initial and final products are present throughout the process. When the photo-stationary states are illuminated with visible light (λ > 430 nm) the band from the photochromic unit gradually decreases its intensity to finally disappear whereas the MLCT bands grow again. The disappearance of the former signal confirms that the photocyclization is reversed completely. The spectra recorded during the reverse process also feature isosbestic points, thus showing that the complexes do not disassemble during the transformation. 
Magnetic Properties
Variable temperature bulk magnetic susceptibility measurements were performed on polycrystalline samples of 1 -3 and 5 -9. This served to confirm the metal composition of the complexes, especially the heterometallic ones, and to evaluate the strength and nature of intramolecular exchange interactions. The χT vs. T plots (χ is the molar paramagnetic susceptibility) of the homoand hetereo-metallic compounds are given in the supplementary material, together with details of their analysis (Figs. S20-S23 ). Considering the singlet ground state resulting from the antiferromagnetic coupling in the homometallic systems, the ability to prepare complexes with two different metal ions at selected positions of the dinuclear moeties in complexes 5 to 9 is key to design molecular architectures with two well defined non-zero spin entities at the ground state. We focus here on the Cu/Ni systems to evaluate the potential of the photochromic assemblies as possible realizations of 2-qubit quantum gates. 
.2 (see SI for details).
The presence of a weak intramolecular antiferromagnetic interaction can however not be discarded given the shorter Ni···Ni separation (1.12 nm). It is expected to be smaller than that derived from fitting the data to a spin-only isotropic exchange, i.e. -0.54 cm -1 (Fig. S21) . Similarly, the magnitude of DNi above should be considered as an upper ceiling. The homometallic systems 1 and 3 exhibit a dominant antiferromagnetic coupling within each of their dinuclear entities (Figs. 7, S20 ). This interaction is particularly strong in complex [Cu4L2(py)6] (1), which exhibits a χT value at 300 K of 0.48 cm 3 K mol -1 , less than one third of the expected response for four uncoupled Cu(II) centers with g = 2 (expected, 1.5 cm 3 K mol -1 ). A rapid decrease of χT occurs upon cooling to reach a steady value of ca. 0.06 cm 3 K mol -1 near 100 K (Figs. 7, S20 ).
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The data is well-reproduced with an isotropic spin Hamiltonian H = -2JŜ1·Ŝ2, where J is the coupling within the dinuclear entities of the complex. [51] A good fit was obtained without the need of any additional coupling constant, [52] yielding the parameters J = -262 cm -1 , g = 2.10 and a fraction of paramagnetic impurity of 2.5%. This coupling is similar to that seen on a related [CuCu···CuCu] complex exhibiting the same dinuclear moieties. [44] Such coupling through equatorial coordination bonds connected by alkoxide type atoms with Cu-O-Cu angles near 100° is expected. [53] The χT vs. [54] Here, the outer pentacoordinated Ni(II) ion could be expected to exhibit a larger anisotropy than the central octahedral one, although we were unable to come to a reasonable model (see Fig. S20 Fig. 7 and S22 ). In excellent agreement with this model, the X-Band EPR spectrum of a powder sample of 5 at 4 K shows a single line at g = 2.22 ( Fig. 8) , while the M vs. H plot at 2 K follows the Brillouin function calculated for two S = ½ and this same g = 2.22 (Fig. S22) . The absence of noticeable anisotropy and hyperfine splitting of the EPR signal can be explained by the strong Cu-Ni exchange interaction, which dominates over the anisotropy of the Ni site alone as well as the hyperfine splitting of both Cu(II) and Ni(II). Note that the effective g value of the S = ½ ground state of each pair is largely determined by the gNi. [55] A relevant property of any potential spin based qubit realization is its quantum coherence, which can be evaluated through pulsed Q-band EPR measurements. These were performed on both compounds 8 and 5 using dilute (1 mM) frozen solutions in toluene-d8:dmso-d6 (1:1). The dilute nature of the samples suppresses the detrimental effect of intermolecular electron spin interactions on the quantum coherence, whilst the deuteration of the solvent avoids the drawbacks from hyperfine interactions with solvent proton spins. Spectra detected via a Hahn echo sequence (insets in Fig. 8 ) are consistent with the CW powder spectra, proving the integrity of the species in solution. Inversion recovery and Hahn echo sequences were used to determine spin-lattice relaxation (T1) and phase memory (TM) times, respectively. All echo decay curves were found to be monoexponential and were analyzed as such (Fig. S24) . Spinrelaxation times T1 are of the same order for both compounds at 9 the lowest temperature (2.11(2) and 0.99(1) ms at 7 K, respectively; Fig. 9 , Table S4 ). This reflects the similar chemical (geometrical structure) and physical (S = ½) nature of both. T1 decreases more rapidly with increasing temperature for the [CuNi] qubits in 5 than for the [CuZn] ones in 8 (Fig. 9 , Table S4 ). This and the overall longer T1 for the latter can be explained by the presence of an excited S = 3/2 state for the former, which can function as the intermediate state in an Orbach-type relaxation process, thus opening up more relaxation pathways and shortening T1. The phase memory time TM for the [CuZn] spins in 8 is 6.03(1) µs at 7 K, which is reasonably long, especially considering the non-deuterated nature of the ligand and the axially ligated pyridine molecules. TM decreases slowly with increasing temperature and above 50 K no reliable signal could be observed. At this temperature T1 has decreased to a value close to TM, thus becoming the limiting factor for the latter. The phase memory time for the [CuNi] qubits in 5 is TM = 3.59(1) µs at 7 K, which is rather long for an exchange coupled system and in fact compares favourably with the previously reported exchange-coupled Cr7Ni and Cu3 qubits at similar temperatures.
[ [57] [58] Upon increasing the temperature, TM diminishes despite T1 still being consistently much longer than TM. Such parallel decrease of T1 and TM was noted before. [59] The foregoing demonstrates that the S = ½ units in both [Cu2Zn2L2(py)6] (8) and [Cu2Ni2L2(py)6] (5) can embody qubits with reasonable coherence times. The combination of the very weak inter-qubit interaction at work and the possibility of affecting this interaction through irradiation makes these molecules suitable candidates for 2-qubit gate systems, and relevant measurements are now underway along this line. Unfortunately, full conversion of the photoactive group from the open to the closed form was so far not obtained in the solid-state, and therefore the effect of the photoconversion to the inter-qubit interaction could not be determined. A quantitative description of the changes to the intramolecular spin-spin interaction upon photocyclization was obtained through DFT calculations on the [CuNi]···[NiCu] architecture (5). For these calculations, the geometry of the isolated molecule for each isomer was optimized (Fig S25) . The computed energy spectra obtained for these geometries show that with the dithienylethene unit open, the inter-spin interaction is practically null (with an energy difference between the antiferromagnetic and the ferromagnetic states of 0.01 cm -1 ). However, the closing of the ring that takes place upon irradiation with UV light switches the interaction ON, separating both states by 0.83 cm -1 (Fig. S26) . . From the ensemble of compounds, it becomes clear that Cu(II) and Ni(II) exhibit a strong preference for the square-pyramidal and the octahedral sites, respectively, while Co(II) and Zn(II) may occupy either of both sites depending on the nature of the metal with which they are paired. DFT calculations show that the metal topologies obtained experimentally are much more stable than any other distribution. This sophisticated supramolecular system has been designed as a potential model of spin-qased 2qubit quantum gates. All the heterometallic molecules (5 to 9) exhibit two well-defined, weakly interacting magnetic entities. The resonance between two magnetic levels of these units could be used as the implementation of a qubit. Particularly interesting are compounds 5 and 8, which exhibit a pair of two level (S = ½) systems in the ground state. The resonance between these levels exhibits quantum coherence, which can be determined with pulsed EPR. The reversible photo-switching of the structure of all the molecules (except 4, not fully reversible) was probed in solution through absorption spectroscopy. DFT calculations on complex 5 indicate that the reversible cyclization triggered by this photo-switching turns the interaction between the two spins of the molecule ON and OFF. These properties convert this family of coordination assemblies into promising functional devices, for example as models of light-operated 2-qubit quantum gates.
Experimental Section Synthesis
The starting material 1,2-bis-(5-carboxy-2-methyl-thiophen-3-yl)-cyclopentene was synthesized according to a previously reported procedure. [33] All reagents were purchased from commercial sources and used as received. All coordination chemistry reactions were performed under aerobic conditions. 53 mmol) were added and the mixture was allowed to warm to room temperature and was stirred for 12h. The resulting suspension was filtered and the filtrate washed with 1M aqueous NaHCO3 (3 x 6mL) and H2O (3 x 6 mL). The organic phase was dried with Na2SO4 and solvent removal led to a brown oil that was purified by column chromatography (silica gel with gradient elution of 1:9 EtOAc:hexane to 100% EtOAc 
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Physical measurements
Elemental analyses were performed with a Perkin-Elmer Series II CHNS/O Analyzer 2400, at the Servei de Microanàlisi of CSIC, Barcelona, Spain. IR spectra were recorded as KBr pellet samples on a Nicolet 5700 FTIR spectrometer. UV-Vis experiments were performed with a Varian Cary-100 spectrophotometer. 1 H-NMR spectra were recorded at room temperature with a Varian Unity 400 MHz spectrometer. ESI mass spectrometry was carried out using a LC/MSD-TOF spectrometer (Agilent Technologies) equipped with an electrospray ionization (ESI) source at the Serveis Cientificotècnics of the Universitat de Barcelona. Magnetic measurements were performed on polycrystalline samples with either a Quantum Design SQUID magnetometer MPMS-XL at the Physical Measurements Service of the Servicio de Apoyo a la Investigación-SAI, Universidad de Zaragoza, or a MPMS-5 magnetometer at the "Unitat de Mesures Magnètiques" of the Universitat de Barcelona. Analysis of metals were performed by inductively coupled plasma (ICP) spectrometry using a Varian Vista-MPX apparatus. X-Band EPR measurements were performed with a Bruker EMX spectrometer and pulsed Q-band measurements were performed on a custom-built spectrometer. [60] The pulse sequences used were π/2-τ-π-τ-echo (Hahn echo) for echo-detected EPR spectra and phase memory time determination and π-T-π/2-τfix-π-τfix-echo (inversion recovery) for spin-lattice relaxation time determination. Hahn echo decay curves were fitted to the expression I = I0 exp(-2τ/TM) and inversion recovery decay curves to I = I0 (1-2exp(-T/T1)) to extract the relevant decay time. 6 ]·9py (9·9py) were collected using Mo Kα radiation (λ = 0.71073 Å) on a Bruker APEX II QUAZAR diffractometer equipped with a microfocus multilayer monochromator at 100 K. Data for [Ni4L2(Py)6]·9py (3·9py), [Cu2Ni4L2(Py)6]·9Py (5·9py) and [Co2Ni2L2(Py)6]·9py (6·9py) were collected on a Bruker APEX II CCD diffractometer at the Advanced Light Source beam-line 11.3.1 at Lawrence Berkeley National Laboratory, from a silicon 111 monochromator (λ = 0.7749 Å). Data reduction and absorption corrections were performed with SAINT and SADABS, respectively. All structures were solved and refined on F 2 with the SHELXTL suite, [61] [62] and through the OLEX2 suite [63] for 1, 2, 4, 7, 8 and
X-ray Crystallography
9.
All non-hydrogen atoms were refined anisotropically. Due to some thermal disorder, a rather large number of atoms were refined with displacement parameters restraints, in particular, those of the pyridine moieties. Hydrogen atoms were placed geometrically on their carrier atoms and refined with a riding model. All details can be found in CCDC 1541350-1541359 (H4L, 1-9) that contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via https://www.ccdc.cam.ac.uk/structures/.
DFT Calculations
DFT calculations were carried out with the Gaussian 09 program using the B3LYP functional. [64] All single-point calculations were performed using an Ahlrichs TZVP basis set for all atoms. [65] For the geometry optimizations, the Ahlrichs SVP basis set was employed. [66] 
